ABSTRACT A study was conducted to determine the ileal digestible energy (IDE), ME, and ME n contents of bakery meal using the regression method and to evaluate whether the energy values are age-dependent in broiler chickens from zero to 21 d post hatching. Seven hundred and eighty male Ross 708 chicks were fed 3 experimental diets in which bakery meal was incorporated into a corn-soybean meal-based reference diet at zero, 100, or 200 g/kg by replacing the energy-yielding ingredients. A 3 × 3 factorial arrangement of 3 ages (1, 2, or 3 wk) and 3 dietary bakery meal levels were used. Birds were fed the same experimental diets in these 3 evaluated ages. Birds were grouped by weight into 10 replicates per treatment in a randomized complete block design. Apparent ileal digestibility and total tract retention of DM, N, and energy were calculated. Expression of mucin (MUC2), sodium-dependent phosphate transporter (NaPi-IIb), solute carrier family 7 (cationic amino acid transporter, Y + system, SLC7A2), glucose (GLUT2), and sodium-glucose linked transporter (SGLT1) genes were measured at each age in the jejunum by real-time PCR. Addition of bakery meal to the reference diet resulted in a linear decrease in retention of DM, N, and energy, and a quadratic reduction (P < 0.05) in N retention and ME. There was a linear increase in DM, N, and energy as birds' ages increased from 1 to 3 wk. Dietary bakery meal did not affect jejunal gene expression. Expression of genes encoding MUC2, NaPi-IIb, and SLC7A2 linearly increased (P < 0.05) with age. Regression-derived ME n of bakery meal linearly increased (P < 0.05) as the age of birds increased, with values of 2,710, 2,820, and 2,923 kcal/kg DM for 1, 2, and 3 wk, respectively. Based on these results, utilization of energy and nitrogen in the basal diet decreased when bakery meal was included and increased with age of broiler chickens.
INTRODUCTION
Diets of broiler chickens are based on corn and soybean meal as major sources of energy and protein, respectively; however, the increasing demand for cereals has led to a continued price increase. Alternative feed ingredients are needed for many reasons as to reduce feed cost, attend specific market requirements, using available ingredients and by products, and replace the limited conventional feed resources. Some unconventional feed resources have become popular in animal diets, but the application of those feed ingredients is limited due to the unspecified nutrient availability. Therefore, it is necessary to evaluate the nutrients and energy utilization of unconventional ingredients (Cao and Adeola, 2015) . (Noy and Sklan, 1999) . Published data have shown increased brush border carbohydrase activity (Tako et al., 2004) , increased villus surface area at hatch through 3 d post-hatch (Smirnov et al., 2006) , and increased expression of selected brush border transporters in chicks (Tako et al., 2005) . However, enzymatic secretion can be immature in young birds, and the digestion process also changes with the age of the birds (Sell and Angel, 1990) .
Due to the alternative potential of using bakery meal for broiler chickens and a lack of data for ME and gene expression related to a bird's age, more data on the ileal digestible energy (IDE), ME, and ME n are needed. Therefore, the objective of the current study was to determine age-related changes in IDE, ME, and ME n of bakery meal and intestinal nutrient transporter gene expression in broiler chickens.
MATERIALS AND METHODS
All procedures used in the current study were approved by the Purdue University Animal Care and Use Committee.
Bird Husbandry
Male broiler chicks (Ross 708), vaccinated for Marek's disease at the hatchery, were purchased from a local hatchery, weighed, and tagged with identification numbers. Birds were reared in electrically heated battery brooders (1.0 × 0.5 m 2 ) and the temperature was kept at 35
• C, 31
• C, and 27
• C from d one to 8, d 8 to 15, and d 15 to 21 post-hatch, respectively. Birds had ad libitum access to water and a mash feed. Each cage was equipped with one feeder and 2 nipple drinkers. Birds were divided into 3 groups of age, fed a standard starter diet before the experimental periods, and growth performance was recorded. The average BW on d one, 4, 10, and 16 post-hatch were 46, 84, 233, and 501 g, respectively. The feed intake per bird from d one to 4, d 4 to 10, and d 10 to 16 post-hatch were 48, 152, and 374 g, respectively.
Experimental Design
A total of 780 birds were allocated to 3 experimental diets with 10 replications in a randomized complete block design such that the average initial BW was similar across diets. Three ages were evaluated and birds were fed common experimental diets. A basal starter diet was formulated using nutritional requirements of NRC (1994) for the starter phase. Dietary treatments consisted of 2 factors including bakery meal at 3 levels (zero, 100, or 200 g/kg) and 3 ages (1, 2, or 3 wk) in a 3 × 3 factorial arrangement. The bakery meal was obtained from commercial sources (Belstra Milling Co., Inc., De Motte, IN). Three hundred 4-day-old chicks were weighed individually, sorted by BW, and assigned 
Test Ingredient and Diets
The analyzed chemical composition of bakery meal samples is presented in Table 1 . Bakery meal was incorporated into a corn-soybean meal-based reference diet at 3 levels (zero, 100, or 200 g/kg) by replacing the energy-yielding ingredients. The ingredient composition of starter and experimental diets is shown in Table 2 . The diets had chromic oxide added at 5 g/kg as an indigestible marker to enable determination of digestibility and retention by the index method.
Experimental Procedures
Excreta samples were collected twice daily on the last 2 d of each period of age. During collection waxed paper was placed in trays under the cages and the excreta on the paper were collected. The collected excreta samples were pooled per cage over a 2-d period and stored in a freezer at −20 • C until further processed for analyses. On d 9, 15, and 21 post-hatch, all birds were weighed and euthanized by asphyxiation using carbon dioxide. Ileal digesta was collected from the distal two-thirds of ileum (portion of the small intestine from Meckel's diverticulum to approximately one cm anterior to the ileo-cecal junction) by flushing with distilled water into plastic containers and stored at −20
• C until dried and ground. Mucosa samples of one bird per cage from the middle of jejunum were scraped into Trizol reagent (Invitrogen, Carlsbad, CA), immediately frozen in liquid nitrogen, and then subsequently stored at −80
• C before processing.
Chemical Analysis
Excreta and ileal digesta samples were placed in a forced-air oven at 55
• C for 96 h and subsequently ground to pass through a 0.5-mm screen using a grinder (Retsch ZM 100, GmbH & Co. K. C., Haan, Germany) to ensure a homogeneous mixture. Diets, excreta, and ileal digesta were analyzed for dry matter (DM) by drying in an oven (Precision Scientific Co., Chicago, IL) at
105
• C for 24 h. Diets, excreta, and ileal digesta also were analyzed for gross energy in an adiabatic bomb calorimeter (Model 1261, Parr Instrument Co., Moline, IL) using benzoic acid as a calibration standard. Nitrogen was determined using the combustion method (Leco model FP-2000 N analyzer, Leco Corp., St. Joseph, MI) with EDTA as a calibration standard. Diets, excreta, and ileal digesta samples were digested using nitric/perchloric wet ash (method 935.13 A (a); AOAC International, 2000), and chromium concentration was subsequently determined at 440 nm in a spectrophotometer (Spectronic 21D, Milton Roy Co., Rochester, NY). Bakery meal samples were analyzed for neutral detergent fiber and acid detergent fiber [method 973.18 
Calculations
The ileal digestibility or total tract retention coefficients (C) of nutrients or energy were calculated as
where Cd is the concentration of Cr in the diet; Co is the concentration of Cr in the ileal digesta or excreta output; Eo is the concentration of nutrient or energy in the ileal digesta or excreta output; and Ed is the concentration of nutrient or energy in the diet (Adeola and Zhai, 2012) . Ileal digestible energy (IDE, kcal/kg) of the diet was calculated as the product of C and the gross energy concentration (kcal/kg) of the diet. Metabolizable energy (kcal/kg) of the diet was calculated as the product of C and the gross energy concentration (kcal/kg) of the diet. Because catabolic compounds in excreted N can contribute to energy loss, ME was corrected to zero N retention using a factor of 8.22 kcal/g (Hill and Anderson, 1958) as ME n = ME − (8.22 × Nret), where Nret is N retention in g/kg of DM intake. The Nret was calculated as Nret = Ni -(No × Cd/Co), where Ni and No are the N concentrations (g/kg of DM) in the diet and excreta, respectively. The coefficients (C) of IDE, ME, or ME n for reference diet, test diets, and test ingredient are Crd, Ctd, and Cti, respectively. The proportional contribution of energy by the reference diet and test ingredient to the test diet are Prd and Pti, respectively, and by definition Prd + Pti = 1 or Prd = 1 -Pti. The assumption of additivity in diet formulation implies that Ctd = (Crd × Prd) + (Cti × Pti); solving for Cti gives Cti = [Ctd -(Crd × Prd)] ÷ Pti. Substituting 1 -Pti for Prd gives Cti = [Crd + (CtdCrd) ÷ Pti)]. The product of Cti at each level of test ingredient substitution rate (100 or 200 g/kg), kilograms of dry test ingredient intake (product of 0.1 or 0.2 and dry feed intake), and the gross energy of test ingredient is the test ingredient-associated IDE, ME, or ME n in kilocalories.
Isolation and Quantification of Total mRNA
Sodium-dependent phosphate transporter type II-b (NaPi-IIb) was used as a marker for phosphate transport. The marker for mucosa and gut integrity used was a mucin gene (MUC2). The marker for amino acid transport was solute carrier family 7 (cationic amino acid transporter, Y + system, member 2 (SLC7A2). The other markers, glucose 2 (GLUT2) and sodiumglucose linked transporter (SGLT1), were used as a marker for glucose transport.
Total RNA was extracted from the homogenate of intestinal mucosa in Tri Reagent (Sigma-Aldrich, St. Louis, MO). Phase separation was by molecular biology grade 1-bromo-3-chloropropane and RNA was precipitated with isopropanol and rinsed with 75% ethanol. The RNA was re-suspended in nuclease-free water (Ambion, Austin, TX). The mRNAs were treated with Turbo DNase (Ambion, Austin, TX), and the concentration of RNA was subsequently determined spectrophotometrically using a NanoDrop ND-1000 UVVis spectrophotometer (Thermo Scientific, Wilmington, DE).
Quantitative Real-Time PCR
Total RNA (1 μg) was reverse-transcribed onto cDNA using MMLV reverse transcriptase (Promega, Madison, WI). The reaction was performed at 70
• C for 10 min, 42
• C for 60 min, and 70
• C for 15 min. The NaPi-IIb, MUC2, GLUT2, SGLT1, and SLC7A2 genespecific primers were designed, using Invitrogen Oligoperfect Designer software, for SYBR Green detection.
Quantitative real-time PCR was performed using iCycler iQ real-time PCR detection system (Bio-Rad) with the Faststart SYBR supermix (Roche, Indianapolis, IN). The 20-μL PCR mixture was made up of 5 μL cDNA, 0.5 μL each of the appropriate forward and reverse primers, 10 μL SBYR Green supermix, and 4 μL RNA water. A negative control sample without any cDNA was included in all batches. All PCR were performed in duplicate in semi-skirted PCR plates (Bio-Rad) under the following conditions: 50
• C for 2 min, 95
• C for 2 min, 40 cycles of 95
• C for 30 s, and 60
• C for one min, annealing for 20 s, and 72
• C for 25 s, followed by a melting curve. Relative target gene expression level was determined by the comparative cycle threshold (CT) method (Livak and Schmittgen, 2001 ). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used as housekeeping control to normalize variations in the amount of mRNA for the target genes. The ΔΔ CT value was calculated as the difference between the CT value of each GAPDH and the average CT value for GAPDH; this value was used to calculate GAPDH fold (i.e., ΔΔ CT 1.97). The same mathematical treatment was applied to the CT value of the target genes, and these values were normalized against the value for GAPDH. The primers used are presented in Table 3 .
Statistical Analysis
Data were analyzed using the GLM procedures of SAS Institute (2009). The experimental design was a randomized complete block design, with chickens being blocked by initial BW. A 3 × 3 factorial arrangement of 3 ages (wk 1, 2, or 3) and 3 dietary bakery meal levels were used, and the main effect of age, dietary bakery meal levels, and interaction between age and dietary bakery meal levels were tested. Because there were no interactions, only the main effects of age and dietary treatments were presented. The effects of increasing levels of bakery meal in assay diets were AAGGCCACTTTCTGCTGGTT GAPDH = glyceraldehyde-3-phosphate dehydrogenase, MUC2 = mucin 2, NaPi-IIb = sodium-dependent phosphate transporter type II-b, GLUT2 = glucose transporter 2, SGLT1 = sodium-glucose linked transporter, SLC7A2 = solute carrier family 7 (cationic amino acid transporter, Y + system, member 2).
compared using linear and quadratic contrasts. Regression of bakery meal-associated IDE, ME, or ME n intake in kilocalories against kilograms of bakery meal intake (on a DM basis) was estimated for each of the 10 replicates of 0, 100, and 200 g bakery meal/kg at each age of wk 1, 2, or 3. Linear and quadratic contrasts were used to separate the effects of age on the intercepts and slopes of the regressions. Statistically significant difference was considered at P < 0.05.
RESULTS
The bakery meal used in this study was analyzed to contain 4,136 kcal of GE/kg and 132 g of CP/kg (Table 1 ). The data presented in Table 4 show the ileal digestibility of DM, N, energy, and IDE of experimental diets and ages. There were no interactions between dietary bakery meal and age for all response criteria in this study. However, there was a significant effect of bakery meal or age in broiler chickens. Ileal digestibility coefficients of DM, N, and energy and IDE decreased linearly (P < 0.001) with increasing levels of dietary bakery meal. There was a linear increase (P < 0.05) in ileal digestibility of DM with age. There were both linear and quadratic increases (P < 0.05) in ileal digestibility of nitrogen, energy, and IDE with the age.
There were also significant effects of bakery meal and age on total tract retention of DM, N, and energy (Table 5) . Using zero, 100, and 200 g/kg of bakery meal, the metabolizability of N, energy, and ME and ME n linearly decreased (P < 0.001). There were linear increases (P < 0.001) in metabolizability of DM, N, energy, and ME and ME n with age of broiler chickens. The intercepts for IDE, ME, and ME n regressions did not differ among those 3 evaluated ages (Table 6 ). Slopes of these regressions for IDE, ME, and ME n linearly increased (P < 0.05) with the age of broiler chickens. During the evaluated ages, IDE, ME, and ME n increased by 271, 187, and 213 kcal/kg DM, respectively.
The data presented in Table 7 show the main effect of dietary bakery meal level and age on jejunal gene expression responses of broiler chickens fed experimental diets. There were no effects of bakery meal on jejunal gene expression responses of broiler chickens. No interaction effects between dietary bakery meal level and age in jejunal gene expression were observed. The responses in expression of MUC2, NaPi-IIb, and SLC7A2 genes were both linear and quadratic increases (P < 0.01) with age. However, the expression glucose transporters genes GLUT2 and SGLT1 linearly decreased (P < 0.001) with age.
DISCUSSION
Bakery meal is produced from human consumption products that have gone through different types of Table 5 . Main effect of dietary bakery meal level and age on total tract retention of DM, nitrogen, energy, and ME and ME n by broiler chickens fed experimental diets. processing such as fermentation, cooking, or baking. According to the bakery meal sources, the chemical composition and nutrient digestibility may be variable (Dale, 1992; Almeida et al., 2011; Rojas et al., 2013) . Differences in the maximum dietary level of bakery meal reported in some studies may be a result of the variability in nutrient composition and quality of bakery meal. Briefly, Damron et al. (1965) , Saleh et al. (1996) , and Al-Tulaihan et al. (2004) suggested that the maximum dietary level of bakery product in broiler diets were at 10, 25, and 30%, respectively. However, Al-Ruqaie et al. (2011) observed that ME values were not influenced when broilers were fed diets formulated from zero to 100% of bakery product with graded inclusion of 20%. The bakery meal samples used in this study were analyzed to contain 4,136 kcal GE/kg, 132 g CP/kg, 77 g ether extract/kg, and 33.8 g crude fiber/kg. Ragland et al. (1999) reported 4,280 kcal GE/kg and 126 g CP/kg, which is in agreement with the current results. Saleh et al. (1996) reported a mean CP value of 125 g CP/kg, 110 g ether extract/kg, and 22.5 g crude fiber/kg for bakery meal. Rojas et al. (2013) found 4,098 kcal GE/kg, 71.2 g ether extract/kg, and 80.5 g CP/kg for bakery meal. The CP content they reported is considerably lower than the samples used in the current study. However, GE and other nutrient levels are generally within the range reported.
Very little work has been published about the ME content of bakery meal. The bakery meal ME value listed by the current NRC (1994) is 3,862 kcal/kg. AlRuqaie et al. (2011), replacing corn-soy diets with bakery meal at 20%, found a ME n value of 3,112 kcal/kg for broiler chickens. Dale et al. (1990) reported that the true ME n values for broilers were 3,580 kcal/kg. Our results clearly show that nutrient digestibility and energy utilization decreased with dietary bakery meal level and increased with increasing age for chickens. Different values of ME were found maybe due to bakery meal sources, chemical analysis, and age of broilers. One of the primary concerns regarding the use of bakery meal in the feed industry is its composition, which may vary among suppliers, depending upon the quality of the initial product and processing conditions (Waldroup et al., 1982) . The chemical composition of bakery meal from different origins has been documented in previous studies (Ragland et al., 1999; Almeida et al., 2011; Rojas et al., 2013) . However, there is limited data on 2 GAPDH = glyceraldehyde-3-phosphate dehydrogenase, MUC2 = mucin 2, NaPi-IIb = sodium-dependent phosphate transporter type II-b, GLUT2 = glucose transporter 2, SGLT1 = sodium-glucose linked transporter, SLC7A2 = solute carrier family 7 (cationic amino acid transporter, Y + system, member 2). ME in bakery meal for broiler chickens. Therefore, it is necessary to determine the available energy in bakery meal for its application in diets of broiler chickens. The increased responses to total tract retention and ileal digestibility of energy and nutrients with chick age observed in our study are in agreement with Batal and Parsons (2002) , who evaluated energy utilization and nutrient digestibility in broilers from zero to 2 d, 3 to 4 d, 7, 14, and 21 d. These authors observed that apparent digestibility of starch, fat, amino acid (AA), and ME n values increased with age, with a maximum ME n value of 3,438 kcal/kg occurring at 14 d.
In the current study, ME n values of bakery meal increased with the age of broilers. This result is in agreement with those that have been reported by Sulistiyanto et al. (1999) who found that utilization of energy-yielding foodstuffs was age dependent. Their results suggested that by 14 d of age, the chicks were able to efficiently utilize the energy in the diet. Batal and Parsons (2002) reported that ME n and digestibility of AA increased with age and broken-line regression analysis also predicted a plateau at 14 d for ME n and 10 d of age for AA digestibility. A few studies also have shown that ME values of diets were lowest between 4 and 7 d post-hatch in chicks and then increased with age (Zelenka, 1968) .
In the current NRC (1994), the nutrient requirements of broiler chickens pertain to zero to 21 d post-hatch. Likewise, only one ME value and one AA digestibility value are given for each feed ingredient. However, the results from the current study showed that the age differences in nutrient and energy digestibility should be taken into consideration during diet formulation. Additionally, secretion of gastrointestinal enzymes has been reported to be part of the reason for the improved digestion that occurs with age (Nitsan et al., 1991; Sell et al., 1991) .
Nutrient absorption might not be fully developed until 15 d of age and we observed an agreement in the results from the digestibility and gene expression analyses. Thus, the expression of the specific nutrient transport systems in the brush border membrane may affect nutrient and energy availability to the animal for growth and development (Mott et al., 2008) . Nutrients are transported from the lumen of the small intestine into enterocytes by transporters located across the brush border membrane. The major routes for glucose assimilation in enterocytes are through SGLT1 and GLUT2 transporters for energy-dependent and high glucose concentration dependent transport (Hediger and Rhoads, 1994; Wright and Turk, 2004) .
Glucose absorption in the intestine is important for energy balance and glucose homeostasis (Jane et al., 2003) . The absorption of carbohydrates from the lumen of the small intestine is influenced by several factors that include age of birds, luminal digestion, apical membrane digestion, and transport into the enterocytes (Sklan et al., 2003) . Moreover, expression levels of intestinal glucose transporters influence absorption and uptake of glucose in the small intestine (Rodriguez et al., 2004 ). In the current study, no significant change was observed in the expression of all evaluated genes of broiler chickens fed increasing dietary levels of bakery meal; however a linear decrease, as the age of the birds increased from wk 1 to wk 3, was found in the expression of GLUT2 and SGLT1.
The expression of SGLT1 and GLUT2 contributes to the uptake of glucose across the brush-border membrane and the basolateral membrane, respectively. Although it has been reported that GLUT2 can adjust the capacity of sugar transport according to the luminal concentration of glucose (Kellett et al., 2008) , when luminal glucose is lower than blood glucose, SGLT1 has the unique ability to transport glucose against its concentration gradient and therefore act as the primary route of glucose absorption from the lumen (Kellett and Helliwell, 2000; Kellett, 2001) . Thus, the expression of these glucose transporters was reduced from 1 to 3 wk, probably due to increased digestibility of nutrients as the birds matured, and consequently the increased glucose concentration in the intestinal lumen and body. These genes were down-regulated in older birds probably because the need for glucose was being met by the enhanced digestibility of nutrients in older birds compared to birds at younger ages. This is in agreement with Moreno et al. (1996) who also reported that glucose transport rate was highest right after hatch but decreased thereafter and was lowest in older birds.
The major component of intestinal mucus is secretory mucin 2, which has been shown to be important in the establishment of the mucus layer (Smirnov et al., 2004) . Mucin genes are regulated at the transcriptional level by cytokines, bacterial products, and growth factors (Arnold et al., 1993) . Mucin biosynthesis is also affected by conditions or agents that affect differentiation of precursor cells into mature goblet cells and agents or conditions that uncouple the processes of glycosylation and protein synthesis, or that influence protein synthesis generally (Arnold et al., 1993; Langhout et al., 1999) . Perhaps the increased MUC2 expression from 1 to 3 wk of broiler chickens is due to an increased absorptive area, and a need for more mucin to cover this area, in the jejunum in older birds when compared to younger birds.
Phosphate and AA transporters are important and also can be related with chick age or diet; however, in this study, dietary bakery meal did not affect jejunal gene expression of the 2 genes used as markers of phosphate and AA transport, NaPi-IIb and SLC7A2, respectively. Expression of NaPi-IIb and SLC7A2 increased linearly with age, suggesting that they may be associated with the observed age-related increase in nutrient digestibility. The low inorganic phosphate (Pi) concentration in the intestinal lumen of 3-week-old birds resulting from the low level of P in the feed could have also resulted in the increased NaPi-IIb expression by wk 3. Transcellular Na + -dependent absorption of Pi in the intestine is initiated by the Na + -Pi cotransporter NaPi-IIb (Hattenhauer et al., 1999) . For example, the abundance of the type IIb Na + -Pi cotransporter has been shown to be regulated by a low-Pi diet, vitamin D, and aging (Hattenhauer et al., 1999; Katai et al., 1999; Xu et al., 2002) .
In conclusion, bakery meal represents a potential energy source for broiler chickens and the current study provided energy values for this byproduct. The ME value of bakery meal determined using the regression method is affected by the age of broilers. This implies that the IDE, ME, and ME n values associated with bakery meal in broiler chickens increase with age and therefore nutritionists should be conscious of the age of broiler chickens and the energy values in the ingredient database when formulating diets.
